Abstract
Introduction
Recent improvements in affordable and efficient integrated electronic devices have a considerable impact on advancing the state of wireless networks in the form of ad hoc networks and sensor networks. Wireless networks are used in a wide range of applications incIuding security, health care, military, and many other fields. However, a critical issue in wireless networks is power scarcity, driven in part by battery size and weight limitations. Therefore, energy efficiency is critical in designing any algorithm for wireless networks to prolong the network lifetime.
Many different algorithms for power management have been [14] , [ll] .
In this paper, we study the problem of minimizing the total broadcast energy in wireless networks. The broadcast problem in wireless networks is t o decide a transmission power level for each node so that the source node can broadcast t o all the other nodes either directly or indirectly through the relay nodes with the objective of minimizing the total energy consumption. Our focus is on source-initiated broadcast. Our objective is to construct a minimum-power broadcast tree, rooted a t the source node, including all the nodes. Our key idea is to reduce the total energy consumption of the broadcast tree by taking the Hitchhiking model [l] and Wireless Multicast Advantage (WMA) into consideration. By successfully combining partial signals to obtain complete information, we can efficiently reduce the total energy consumed in broadcasting data. Moreover, we exploit further the characteristics of WMA, that is t o add a set of nodes at it time rather than just adding one node as in [2].
Without using Hitch-hiking model, the total power of our broadcast tree is 49% less than that of Broadcast Increment Power (BIP), which is a well-known algw rithm for miuimizing the total energy consumption of a broadcast tree.
The rest of this paper is organized as follows. In the next section, we present the communication model, the Hitch-hiking model, and the network model. Section 3 describes the related work. Next, in section 4, we introduce our algorithm. The simulation results are presented in section 5. Finally, section 6 concludes our paper.
Preliminaries

Communication Model
We assume that any node in the network can he used as a relay node to forward data t o other nodes in the network. All nodes are equipped with omnidirectional antennas so that if node i transmits data t o node j , all nodes closer t o i than will also receive the transmitted data. TVe also assume that all nodes can adjust their power levels. Each node can choose its transmission power from 0 to some maximum value Attenuation model commonly assumes that signal power falls proportional to dQ, where d is the signal travelling distance, and a is an environmentally dependent real constant between 2 and 4 [6] . A node j can properly receive a signal from a node i which has a power level p1 if p , 2 yd; , where y represents the receiver's power threshold for signal detection or Signal to Noise Ratio (SNR), often normalized to 1. Hence, for node i in the network, the power required to successfully transmit data to node J is given by:
Hitch-hiking Model
The Hitch-hiking model is first proposed in [l] . The basic idea of the Hitch-hiking is that if a node receives the packet containing the same information n times froin different neighbors with yi such as c?=l yi 2 rp and yi 2 "lacp for all i , then that node can successfullg receive the packet.
In designing the solutibn, the authors assume that -yp = 1 and yacq = 0 for simplicity.
Network Model
Let V denote the collection of wireless nodes and let G = (V, E ) denote the directed graph on V that contains all edges when each node transmits at its maximum transmission power. Every node i E V has an associated transmission power level pi. When node i transmits a packet, the amount of reception by node j is quantified by the coverage of node j defined as C( 2) where C ( p ) i s the coverage function given by:
Thus, the coverage provided by node i on node j is:
Let a directed graph T = (V,E') represent the broadcast tree where V is the set of all the nodes in G and E' is the set of all the edges corresponding t o the communication links between nodes after the power level is set. For each directed edge ij E E', the coverage provided by an edge ij to the node j is calculated by (l) , excluding the 0 case since in order for an directed edge ij to exist, the coverage must be greater than 0. Starting from the source node, a t each step, the algorithm chooses a fully covered node U and sets the power level of node U to the power needed to reach its furthest children and grandchildren in the MST while obtaining the maximum power reduction in.u's local region. Once the power level of node U is decided, U'S power level will not be modified again. Kote that IVhlH constructs the broadcast tree based on the MST and adjusts the power level of each node based on local optimization. It does not take full advantages of JVh!iA and Hitch-hiking.
Related Work
In the following section, we describe our algorithm that a t each step, the algorithm adds a set of nodes into the tree to further exploit the properties of WMA. It also considers the partial signal that a node can obtain from other nodes, not only from its parent and grandparent. 
Yote that p h ( i ) -p h -l ( i ) is the incremental power of node i , and c i E p h . c ( i )
is the sum of the updated coverage of all nodes J after increasiiig the power level of node i where j is in the partially covered node set of the previous iteration, Ph-l. And the ratio T of node A when increasing the power level of node A to fully cover node C is:
In order to minimize the total power consumption, we not only want the incremental power of a node a t each step to be small, but also want the sum of the coverage of all nodes to be large. This leads to the value ~( i ) must be the minimum one at each iteration. Now, we are ready to introduce BHR.
Algorithm Description:
The BHH algorithm starts at the source node S. 
11:
12:
13:
14:
Calculate r ( i ) 
Simulation Results
In this section, we evaluate the performance of BHH by comparing it to another two algorithms, BIP and WMH. Since BIP does not use Hitch-hiking model: it is also our interest, to compare our algorithm without using Hitch-hiking (BWBH) to BIP. The BWHH algorithm can be obtained from BHH with a change on the coverage function. Instead of using the formula (11, the coverage provided by node i on node j is d e fined as:
In this simulation, we considered the following parameters: 0 TZ: the number of nodes in a network. We simulate a stationary network randomly distributed over the same deployment region, thereby increasing the network density when the number of nodes increases. n is from 10 to 100.
pmaz:
The maximum power level of each node is randomly assigned on each simulation setup.
We ran 100 simulations for each d u e of n,. In ail simulations, a fixed value a = 2 was used. The performance metric is the average of the total power of the broadcast tree obtained from each algorithm. Figure 2 illustrates the performance of the proposed algorithm BHH comparing to BIP and WMH. As can be seen, the total power of the broadcast tree constructed using BHH is almost 77% less than that of BIP, and 15% less than that of TVMH. &so, the total power of a broadcast tree decreases when the number of nodes increase. This is because a s the netm-ork density increases, more nodes are available to work as relay nodes and the nodes are becoming closer.
Figure 2 also shows that the power of the broadcast tree constructed using BWHH is 49% less than that 
Conclusion
In this paper, we studied the minimum-energy broadcast problem, which is proved to be NPComplete. i i e proposed the BRH algorithm based on the Hitch-hiking model. This algorithm takes advantages of WMA and of the Hitch-hiking concept. The simulation results showed that BHH can reduce the total power of the constructed broadcast tree by as much as 77% compared to BIP, and 15% compared to IVVRIIH. We also compared our algorithm without using Hitch-hiking to BIP, the total power of the broadcast tree can be reduced by 49%.
It is our interest to further develop the distributed version of BHH in mobile environment where node in+ bility is highly concerned. We would also like to investigate the reliability and collision of the Hitch-hiking model. 
